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INTRODUCTION
It is generally agreed that, for a given Portland 
cement, the rate and amount of heat liberated 
during the early stages of hydration (up to 28 
days) is strongly influenced by the fineness of 
grinding of the cement (see review by Hooton 
et al 2005). This is intuitively correct since 
finer grinding means that the hydration reac-
tions between cement and water will proceed 
more vigorously at early ages and hence pro-
duce more heat and at a higher maximum rate. 
However, as Hooton et al (2005) show, opin-
ions vary in the literature as to the sensitivity 
of the relationship between cement fineness 
and early-age heat of hydration. Furthermore, 
when considering different cement types, 
the significance of the fineness of the cement 
has to be judged in relation to mineralogical 
parameters, such as the C3A, C3S and gypsum 
content, equally important factors in deter-
mining the heat characteristics of cement. 
In the context of concrete construction, 
interest in cement fineness stems from the 
recognition that this may be one of the more 
effective of the adjustable parameters in con-
trolling the heat evolution of the cement and, 
consequently, the development of thermal 
strains in the structure (Bentz & Haecker 
1999; Binici et al 2007). In a study conducted 
by Bentz and Peltz (2008), in which they 
compared the effects of increasing water-
cement ratio, using a coarser cement, or 
replacing a portion of the Portland cement 
with coarse limestone in reducing the early-
age autogenous shrinkage of concrete, they 
conclude that: “… coarser cement offers the 
largest benefit in terms of reducing semi-
adiabatic temperature rise and effective 
autogenous shrinkage at 7 days …”
There has also been a general tendency 
over the past few decades to increase the 
fineness of routinely produced Portland 
cements (Bentz et al 2008; Alexander 1972), 
partly in response to the demand for higher 
early strengths to support increasing rates of 
construction. The additional positive aspects 
of this development have been a more 
efficient use of cement by allowing target 
strengths to be achieved with lower cement 
content in concrete. Alternatively, designers 
could reduce concrete section sizes because 
higher strengths are obtained with cement 
content similar to those used in the past.
The trend towards finer Portland 
cements has raised the added concern in 
regard to the potential for thermal cracking 
of temperature-sensitive structures – from 
large, mass concrete sections with relatively 
low cement content to more moderately sized 
structural sections with higher cement content 
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Temperature gradients due to heat of hydration of cement can cause cracking and present 
serious structural and serviceability concerns in concrete structures. Engineers use a wide 
range of strategies to limit the potential for such cracking, mainly by minimising the maximum 
temperature in the concrete. This paper considers the possibility of using more coarsely ground 
cement as one of the strategies for reducing the maximum concrete temperature. Two cement 
clinkers were used to produce cements with five different levels of fineness. These ten cements 
were then used to make concretes which were tested in an adiabatic calorimeter to determine 
the heat evolution characteristics. The measured results were then used in a computational 
model to calculate the temperature profiles likely to occur in two types of concrete elements. 
The results indicate that the effect of increasing fineness on the total amount of heat released 
during hydration is dependent on the mineralogy and crystal composition of the cement clinker. 
Also, the use of coarse-ground cement as a means of reducing the maximum temperature in 
concrete is more effective in the case of concrete elements with high cement content but of 
moderate dimensions. In sections of larger dimension, coarse-ground cements show lower 
levels of temperature reduction but also lower thermal gradients.
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determined by high strength considerations. 
There clearly is a need for such concerns to be 
quantified to allow engineers in the concrete 
sector to better understand the structural per-
formance implications of this development.
Bentz and Haecker (1999) and Bentz and 
Peltz (2008) make a strong case for a return 
to coarser-ground cements on the basis of 
both the material performance benefits and 
the lower energy demand in grinding. They 
take as the basis for this argument the fact 
that, at low w/c ratios and given sufficiently 
long times, hydration kinetics becomes less 
sensitive to variations in particle size distribu-
tion. It follows that coarser cements may well 
be suitable for so-called high-performance 
concretes. Accepting such an argument, 
and assuming all else to be equal in cement 
mineralogy and chemistry, the benefit of 
coarser-ground cements would be reduced 
potential for thermally induced cracking 
because of lower heat liberation at early ages – 
for high-performance concretes, as well as for 
conventional structural and mass concretes. 
However, the benefit of reduced cracking 
potential with coarser-ground cements must 
be carefully quantified to allow engineers the 
opportunity to balance this benefit against the 
‘cost’ of increased construction times or lower 
early-age strengths.
The study reported in this paper 
was therefore undertaken to develop an 
understanding of the significance of the 
fineness of grinding of cement as an influ-
encing factor in the early-age heat evolution 
of cement. In this case, early-age refers to 
the time when the potential for thermally-
induced cracking due to the heat of hydra-
tion remains a concern (Ballim 2004a). 
Importantly, the focus of this study was to 
understand the effect of cement fineness – 
and the resulting heat release characteristics 
– on the early-age temperature development 
in concrete structures. 
Two cement clinkers from different 
production facilities were selected, primarily 
on the basis of previously measured perform-
ance of cements and clinkers from these 
production facilities (Graham 2001) as well 
as the difference of their calculated C3S 
content. These clinkers were each ground 
in a laboratory scale ball mill, using the 
same natural gypsum, to produce cements 
with five different degrees of fineness, 
 ranging in Blaine values from 2 640 cm2/g to 
4 980 cm2/g. The cements were then used to 
prepare concretes for testing in an adiabatic 
calorimeter to determine their heat of hydra-
tion characteristics. Finally, the calculated 
rates of heat evolution were used in a finite 
difference model to illustrate the effects 
of the changing cement fineness on early-
age temperature development in a typical 
low-strength mass concrete element and a 
smaller, high-strength structural element.
CLINKER AND CEMENT DETAILS
Two Portland cement clinkers from different 
manufacturing facilities in South Africa were 
selected in order to prepare the cements for 
this test programme. The two clinkers were 
purposely selected on the basis that clinker 
from these production facilities has previously 
been classified by Graham (2001) as nominally:
 ■ ‘medium heat rate’ clinker (Clinker A); 
peak heat rate in the range: 2,5 to 3,0 W/kg
 ■ ‘low heat rate’ clinker (Clinker B); peak 
heat rate in the range: 2,0 to 2,5 W/kg 
The clinkers were also selected because of 
potential differences in their crystal composi-
tion. Table 1 shows a chemical analysis of the 
clinkers used and, based on the Bogue calcula-
tions as reported by Neville (1981), the clinkers 
Table 1 XRF analysis of materials used
Determinant













CaO (total) 67,1 40,5 65,8 66,8 40,5 65,5
SiO2 22,0 7,6 21,3 24,9 7,6 24,0
Fe2O3 3,0 0,3 2,9 3,4 0,3 3,2
Al2O3 5,0 0,7 4,8 4,6 0,7 4,4
MgO 2,3 0,8 1,9 1,9 0,9 1,8
TiO2 0,5 0,0 0,4 0,4 0,0 0,4
Mn2O3 0,1 0,0 0,1 0,1 0,0 0,1
K2O 0,4 0,2 0,3 0,6 0,2 0,5
Na2O 0,1 0,2 0,1 0,1 0,2 0,1
SO3 0,2 44,8 2,5 0,5 44,8 2,7
P2O5 0,1 0,0 0,1 0,1 0,0 0,1
Other 4,8 0,2 0 4,8 0,2
Total 100,5 100,0 100,3 103,4 100,0 102,8





Table 2 Specific surface areas of the cements manufactured with clinkers A and B

















2640 54 0 2660 41 0
3206 72 33 3190 60 46
3880 100 85 3860 90 119
4400 145 168 4338 112 173
4980 270 400 4943 150 266
Table 3  Mixture proportions for the concrete 
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reflect very different C3S content, which 
support their nominal status as producing 
different heat characteristics upon hydration 
(Neville 1981). Each clinker was mixed with 5% 
of the same natural gypsum and ground in a 
laboratory mill to produce five cements, each 
with a different degree of fineness. 
Table 1 also shows the chemical 
composition of the gypsum used, as well 
as the chemical composition of the result-
ing cement. Table 2 shows the results of 
Blaine surface area determination (SABS 
SM748 1971) of the different cements and 
the milling time required to achieve the 
different fineness levels. Although Blaine 
fineness measurements are no longer a 
formal requirement, South African Portland 
cements would typically lie in the range of 
3 000 cm2/g to 4 000 cm2/g. 
Clinker B is clearly the ‘softer’ clinker, 
requiring less energy to mill to a particular 
fineness than Clinker A. The milling energy 
increase, which is simply the percentage 
increase in the milling time required to pro-
duce the stated fineness, gives an indication 
of the additional energy demand of the finer 
cements in relation to the coarse cement 
of each clinker type. These values give an 
indication of the energy cost of additional 
grinding, a factor that may be important in 
the decision to use a coarser-ground cement.
ADIABATIC CALORIMETRY
The quantity and rate of heat evolved by 
each of the samples were measured by means 
of an adiabatic calorimeter as described by 
Gibbon et al (1997). Ten concretes were pre-
pared using each of the laboratory manufac-
tured cements and an approximately 1-litre 
sample of each concrete was used to conduct 
the temperature measurement tests. The 
concretes were prepared using a graded silica 
sand and 10 mm silica stone as aggregates, 
and with the mixture proportions shown 
in Table 3. The mass of materials shown in 
Table 3 was sufficient to produce a mixture 
batch of approximately 1,2 L of concrete.
The adiabatic calorimeter, which is 
schematically shown in Figure 1, operates 
on the principle that the water in the tank is 
maintained at the same temperature as the 
hydrating concrete sample, thereby creating 
adiabatic conditions. The concrete sample is 
placed in the calorimeter no more than 15 
minutes after the water has been added to 
the mixture and, as the concrete temperature 
increases, the water heater is turned on or 
off so that the water temperature keeps apace 
with the temperature of the concrete. The air 
pocket separating the sample from the water 
acts as a damping medium to eliminate any 
possible harmonic response between the 
sample and water temperature because of 
the inherent measurement error in the two 
temperature probes. 
Since the rate of evolution of heat during 
cement hydration is influenced by the tempera-
ture at which the reaction takes place, there 
is no unique time-based adiabatic heat rate 
curve for a particular cement. Comparisons of 
the heat rate performances of materials must 
therefore be made on the basis of the degree 
of hydration or maturity. In the discussion 
which follows, the calorimeter test results are 
expressed in terms of maturity or t20 hours, 
which refers to the equivalent time of hydra-
tion at 200C. This form of expression of the 
heat rate function and the justification for its 
use is described by Ballim and Graham (2003) 
and Ballim (2004a).
RESULTS AND DISCUSSION
Total heat evolved during hydration
Figures 2 and 3 show the total heat evolved 
by the Clinker A and Clinker B cements 
respectively, with reference to maturity time 
expressed in t20 hours. 
While increasing finess results in higher 
total heat output for both clinkers, it is 
clear that the amount of heat released by 
Clinker B is more sensitive to the fineness 
of grinding than Clinker A. The large step 
increases in the heat curves of the Clinker B 
cements from the coarse cement to the three 
medium-fineness cements, and then from 
the medium to the fine cement, is likely to be 
because of the preferential grinding of par-
ticular phases of this ‘softer’ clinker cement 
(see grinding times in Table 2). However, this 
aspect would require further investigation.
A comparison between to the two clinker 
types is shown in Figure 4, where the curves 
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of only the low- and high-fineness cements 
are reproduced. While the Clinker A cement 
shows significantly higher heat output than 
the Clinker B cement at a nominal cement 
fineness of 2 650 cm2/g, the total heat profiles 
of the cements produced from the two clink-
ers are very similar at a nominal fineness of 
5 000 cm2/g. Both these clinkers are produced 
to manufacture cements that comply with 
the requirements of the national cement 
specification, SABS EN 197-1:2000. However, 
the results presented in Figures 2 to 4 show 
that, as the fineness of grinding of cement 
increases, the heat of hydration characteristics 
of the cement decreases in its sensitivity to 
changes in the chemistry and crystallography 
of the clinker used to produce the cement.
It should be noted that, at late ages 
(>250 t20 hours), the rate of hydration of 
the cement can become so low that the 
calorimeter is not able to detect changes 
in the temperature of the concrete sample. 
While the curves in Figures 2 to 4 flatten 
out when this point is reached, this ‘plateau’ 
should not be interpreted as a cessation of 
the hydration process.
Figure 5 presents a more complete com-
parison of the performance of the two clinker 
types over the range of cement finenesses 
tested. Figure 5(a) shows the variation in the 
‘plateau’ value of total heat as measured in the 
adiabatic calorimeter, as the fineness of the 
cement is varied. The ‘plateau’ value was taken 
as the maximum measured value of total heat 
output at a point when the rate of heat evolu-
tion becomes less than 0,05 kJ/kg/t20hr. This 
figure shows that, at the low end of the fine-
ness spectrum, the total heat output may well 
be dominated by clinker characteristics such 
as the relative proportions of C3S and C2S in 
the clinker. However, in terms of total heat 
output, Clinker B cement is more sensitive to 
increasing fineness, and this is likely to be a 
result of different crystal morphologies of the 
two cement clinkers (Taylor 1997), resulting 
in different hydration characteristics. 
Of course, the results shown in Figure 5(a) 
represent very different extents of hydration 
because, as the fineness of the cement is 
increased, a greater proportion of the cement 
is hydrated in a given time. It is therefore also 
necessary to consider the heat output results 
in terms of the degree or extent of hydration 
of each of the cements tested. A number 
of authors (Taylor 1997; Van Breugel 1998; 
Maekawa et al 1999) have proposed that the 
total heat produced upon complete hydration 
of cement can be obtained by adding the 
amounts of heat liberated by the individu-
ally reacting crystal components. The data 
provided by Maekawa et al (1999) for the heat 
liberated by different cement compounds was 
applied to the calculated crystallographic 
composition of the cements as shown in 
Table 1. Using this approach, the total heats of 
hydration for clinkers A and B were calculated 
to be 493 kJ/kg and 436 kJ/kg respectively. 
It should be noted that these are purely 
theoretical maximum heat values, principally 
because the crystallographic compositions 
determined using the Bogue formulations 
will, at best, indicate a likely rather than an 
actual crystallographic composition (Taylor 
1997). Nevertheless, bearing this caveat in 
mind, the calculated maximum heats provide 
a useful theoretical basis for comparing the 
relative performance of the two cements 
when full hydration has not been obtained. 
The degree of hydration at any time t is then 
expressed as the ratio of the heat released up 
to time t, to the calculated value of heat that 
would be released upon complete hydration, 
as indicated above.


























Figure 4  Comparison of the total heat profiles of the low- and high-fineness cements produced 
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Figure 5  The effects of increasing cement fineness on the total heat measured in the adiabatic 
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Figure 5(b) shows the variation in the 
‘plateau’ heat values for the cements, but 
normalised by being expressed in terms of 
the degree of hydration. This form of expres-
sion brings the results of the two clinker 
types closer together, possibly suggesting an 
equivalent fineness relationship for the two 
clinkers. Nevertheless, even when compared 
on the basis of the degree of hydration, the 
Clinker B cements continue to show a higher 
propensity for hydration to be stimulated 
by increased fineness of grinding. This 
again indicates that the effects of increasing 
cement fineness on the early-age hydration 
heat characteristics depend not only on 
the quantitative crystal composition of the 
cement, but also on the hydration character-
istics and the possible polymorph structure 
of the cement minerals (Taylor 1997).
Rates of heat evolution 
during hydration
Figures 6 and 7 show the rates of heat evolu-
tion for the cements made from Clinkers 
A and B respectively, over the first 60 t20 
hours. The curves coalesce after this time 
and there is little detail that is of interest to 
this discussion. Both figures show that the 
peak rate of heat evolution increases as the 
fineness of the cement increases. Table 4 
presents the peak heat rate values for each of 
the cements, but also indicates that, except 
for the fine Clinker B cement, the peak heat 
rate occurs earlier as the fineness of the 
cement is increased. While this effect is 
noted with both of the clinkers tested, the 
impact appears to be larger with the Clinker 
A cements than with the Clinker B cements. 
A number of the heat rate curves show a 
secondary peak on the descending limb after 
the main peak. This secondary acceleration 
in heat evolution activity is usually ascribed 
to a renewed formation of ettringite (Taylor 
1997) and/or the conversion of ettringite to 
monosulphate (Maekawa et al 1999; Odler 
1998). This secondary peak seems to occur 
earlier, as the fineness of the cement is 
increased, to a point where the peak is no 
longer clearly recognisable for the concrete 
samples with the finest cement and appears 
to coalesce with the main heat rate peak. 
This observation is supported by Sarkar 
(1990), who shows SEM micrographs of 
calcium monosulphate plates in cement 
paste near the peak heat rate point after nine 
hours of hydration.
Figure 8 shows a comparison of the 
heat rate curves for the low- and high-
fineness cements of each clinker type. The 
more coarse Clinker A cement shows a 
higher peak heat rate than the corresponding 
Clinker B cement and this is reversed in the 
case of the high-fineness cements. However, 
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Table 4 Peak heat rate characteristics of the two clinker cements
Clinker
Nominal Specific Area (cm2/g)
2600 3200 3800 4400 5000
A
Peak heat rate (W/kg) 2,08 2,23 2,58 3,15 3,85
Time to peak heat rate (t20 hrs) 12,0 10,4 10,3 9,0 9,0
B
Peak heat rate (W/kg) 1,83 2,51 2,74 2,97 4,2
Time to peak heat rate (t20 hrs) 12,0 11,0 10,0 10,0 10,6


































Figure 8  Comparison of the heat rate profiles of the low- and high-fineness cements produced 
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it is also interesting to note that, at both 
fineness levels, the Clinker B cements show a 
more rapid decline of heat rate after the peak 
rate is achieved. This is important from the 
point of view of temperature development in 
concrete structures, since a shorter duration 
of the peak heat rate is likely to result in a 
lower maximum temperature development 
in situ.
IMPLICATIONS FOR TEMPERATURE 
DEVELOPMENT IN CONCRETE
In order to consider the implication of 
changing fineness of the cements tested on 
temperature development in actual concrete 
structures, the measured heat rate profiles 
were used to generate temperature profiles 
for two hypothetical concrete elements. The 
finite difference temperature prediction 
model proposed by Ballim (2004b) was used 
in this analysis. For clarity of presentation, 
only the low-, medium- and high-fineness 
cements of each clinker type were used in 
the analysis. 
Two structures were assessed using the 
heat rate curves as input into the model:
 ■ A concrete block, typical of that used for 
dam wall construction, measuring 4 m 
wide and 3 m deep; cement content = 
200 kg/m3; concrete specific heat capac-
ity = 1 118 J/kg.°C; concrete density = 
2 410 kg/m3.
 ■ A fully supported concrete beam, measur-
ing 500 mm square; cement content = 
450 kg/m3; concrete specific heat  capacity 
= 1 151 J/kg.°C; concrete density = 
2 490 kg/m3.
 The thermal conductivity of the 
concrete was taken as 2,7 W/m.°C as sug-
gested by Van Breugel (1998) for granite 
aggregate concrete.
Furthermore, the external and processing 
conditions used in the modelling exercise for 
both structures were as follows:
 ■ the concrete is cast directly onto rock with 
a thermal conductivity of 1,2 W/m.°C
 ■ concrete is placed at a temperature of 17°C 
at 10h00 and the ambient temperature 
varies sinusoidally between 12°C and 25°C
 ■ the timber side formwork is held in place 
for 18 hours after casting, during which 
time the heat transfer coefficient from 
these surfaces is taken as 5 W/m2.°C
 ■ upon removal of the formwork, the heat 
transfer coefficient for the side surfaces is 
taken as 25 W/m2.°C.
Figure 9 shows the modelled temperatures 
for the large concrete block from the vertical 
surface to the centre of the block, across a 
section 1,5 m below the top surface and at 
the time when the maximum internal tem-
perature occurs. This figure shows that:
 ■ the lowest maximum temperature and 
the lowest temperature gradient are 
achieved when coarsely ground Clinker B 
cement is used as the binder
 ■ the coarse Clinker A cement shows 
a similar temperature profile as the 
medium-fineness Clinker B cement
 ■ there is little difference between the tem-
perature profiles generated by the high-
fineness cements for both clinkers and, 
although showing lower heat of hydration 
characteristics, the medium-fineness 
Clinker A cement gives a temperature 
profile that is similar to that of the high-
fineness cements
 ■ the highest temperature gradient occurs 
when the high-fineness Clinker A cement 
is used.
Figure 9 shows that, for large concrete 
elements with low to modest cement 
content, the benefit (up to 9°C reduction 
in the peak temperature) of a nominally 
low-heat rate cement like that produced 
from Clinker B can only to be achieved if 
the cement is ground to a fineness below 
3 000 cm2/g. 
Figure 10 compares the temperature 
profiles across a central section of the beam 
element with smaller dimension but higher 
cement content than the section analysed 
in Figure 9. In this case the maximum tem-
perature obtained in the concrete is strongly 
influenced by the fineness of grinding of the 
cement. Given that the starting temperature of 
all the concretes analysed was 17°C, the coarse 
cements cause fairly modest temperature 
increases in the concrete, with a particularly 
low temperature gradient across the section. 
The relatively high temperature gradient of the 
medium-fineness Clinker A cement may well 
be a feature of the external temperature at the 
time that the maximum internal temperature 
occurs. Nevertheless, even this temperature 
gradient is not unusually large. In the case of 
the high-fineness cements, there is almost no 
difference in the temperature profiles gene-
rated by the Clinker A and B cements.
Figure 10 indicates that, for sections of 
modest dimension, the maximum tempera-
tures can be effectively controlled by placing 
an upper limit on the fineness of grinding of 
the cement. Given the sizes of the samples 
Figure 9  Variation in the modelled temperature across a central section of a large concrete 
block at the time when maximum temperature occurs, for the low-, medium- and high-
fineness cements assessed



























Figure 10  Modelled temperatures across a central section of a concrete beam at the time when the 
maximum temperature occurs, for the low-, medium- and high-fineness cements assessed
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tested, this may well be the basis for the 
statement by Sarkar (1990) that cement fine-
ness (and the presence of alkali sulphates) 
play a dominant role in the strength develop-
ment pattern in concrete, to the point of 
suggesting that particle size outweighs the 
C3S content in importance to the hydration 
reactions. However, as demonstrated with 
the simulations above, in actual concrete 
structures with realistic dimensions, the 
benefits of accelerated strength development 
through finer grinding of the cement may be 
lost because of the threat of cracking due to 
higher thermal strains.
In undertaking a cost-benefit analysis of 
the fineness of grinding of cement, an impor-
tant factor to consider is the energy required 
for additional grinding of the cement – and 
the consequent implications for the carbon 
dioxide burden that cement milling adds 
to the environment. There may well be 
sound technical argument for using coarser 
cements (Bentz & Haeker 1999) and this 
avenue of research should be more vigorously 
pursued.
CONCLUSIONS
This paper was aimed at assessing the effects 
of increasing the fineness of cement on the 
heat of hydration and, consequently, on 
temperature development in concrete. The 
conclusions derived from the tests results 
and analyses for the two cements tested, are 
summarised below:
 ■ Increasing the fineness of grinding of 
cement from 2 650 cm2/g to 5 000 cm2/g 
results in an increase in the total meas-
ured heat output of 17% in the case of the 
Clinker A cements and 32% in the case of 
the Clinker B cements.
 ■ This increase is partly explained by the 
increase in the degree or extent of hydra-
tion of the finer cement over the time 
period of assessment. However, the differ-
ence in the relative increases of total heat 
output between the two clinkers assessed 
appears to be caused by differences in the 
mineralogical content (mainly C3S and 
C2S) of the two cement clinkers. 
 ■ Within the range of cement fineness 
assessed in this study, there is an approxi-
mately linear relationship between the 
fineness of grinding, expressed as specific 
surface area, and the total amount of heat 
released in the adiabatic test.
 ■ Increasing the fineness of cement increas-
es the peak rate of heat evolution during 
hydration and generally causes the peak 
heat rate to occur earlier. Also, the sec-
ondary peak heat rate, normally ascribed 
to conversion of ettringite, occurs 
earlier as the fineness of the cement is 
increased, so that, at a fineness of around 
5 000 cm2/g, the primary and secondary 
peaks appear to coalesce.
 ■ The low heat rate benefit of Clinker B, 
which has a particularly low calculated 
C3S content, is only noted if the cement 
is fairly coarsely ground. At high levels 
of fineness, this cement showed similar 
heat performance as that of the Clinker A 
cements.
 ■ In the case of large concrete elements 
with relatively low cement content, the 
coarsely ground Clinker B cement gave 
the lowest maximum temperature and 
the lowest temperature gradient. Finely 
ground cements showed similar tem-
perature profiles, regardless of whether 
Clinker A or Clinker B was used. The 
benefit of using coarse-ground cement 
appears to lie in the reduction of tem-
perature gradients with the consequent 
reduction in cracking potential.
 ■ In the case of smaller concrete structural 
elements with fairly high cement content, 
the fineness of the cement appears to be 
an overwhelming factor in determining 
the maximum temperature profiles in 
the structure. Provided that the rate of 
strength gain is suitable, coarse-ground 
cement may well be an effective means 
for controlling the maximum tempera-
tures in such structures.
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